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Reduced physical activity (PA) and increased sedentary time have been associated with health risks in pediatric 1, 2 and adult populations, 3, 4 and both are thought to independently contribute to increased adiposity 5, 6 and metabolic risk in children and adolescents. 7 Researchers have used television (TV) watching and other exposure to electronic media (EM) as a surrogate for time spent in sedentary activity. Elevated exposure to EM has been associated with decreased participation in PA, obesity, low cardiorespiratory fitness (CRF), and other negative health outcomes. 1, [6] [7] [8] The specific mechanisms underlying these relationships have not been established, and although researchers have proposed that EM displaces physically active pursuits, studies addressing this hypothesis have presented conflicting results. [9] [10] [11] These inconsistencies might reflect the inherent difficulty in measuring PA and use of EM. 12 The factors that influence PA and sedentary behaviors in adolescents differ among gender and race groups. 13, 14 Although some research indicates that adolescent boys might participate in recommended levels of moderate-to-vigorous PA even after devoting significant amounts of time to sedentary activities, the association between PA and sedentary activity in adolescent girls is not clear. 15 In addition, most investigations exploring the health consequences of elevated exposure to EM have looked only at TV watching, have focused on weight status/body composition outcomes, and have relied on single cross-sectional measurements. 12 Few investigations have used prospective designs to examine the effects of comprehensive EM indices on adiposity outcomes in ethnically diverse samples of adolescent girls. [16] [17] [18] In addition, the existing prospective studies have not assessed the effects of elevated EM exposure on other important health outcomes, such as future compliance with PA recommendations and CRF.
The information derived from a prospective study addressing the effects of elevated EM exposure on activity-related outcomes could inform the design of interventions tailored to decrease specific levels of EM has been published elsewhere. 20 Briefly, the instrument was completed on a Wednesday, and participants recalled their PA behavior on the previous 3 days of the week (2 weekdays and 1 weekend day), beginning with the most recent day. The instrument includes a list of common activities grouped into broad categories to improve activity recall. For every 30-minute time increment (block), students reported the main activity performed and then rated its relative intensity. Each activity was assigned a metabolic equivalent (MET) using the Compendium of Physical Activities. 21 Data from each day were reduced to the number of blocks of moderateto-vigorous PA (≥3.0 METs; MVPA) and vigorous physical activity (≥6 METs; VPA), and an average per day was calculated for each of these variables over the 3 days. The 3DPAR has been shown to be a valid and reliable tool for assessing moderate, vigorous, and total PA in African American and white adolescent girls based on correlations with an objective measure of PA derived from accelerometry (r = .42) 20 and a self-report measure of sport involvement. 22 Girls who reported participating in an average of 1 or more blocks of VPA per day or 2 or more blocks of MVPA per day, over the 3-day reporting period, were considered to meet PA standards for adolescents. 23, 24 
Measurement and Classification of Electronic Media Exposure
The design and psychometric characteristics of the 3DPAR allow researchers to collect information about activities at the lower end of the intensity continuum (such as EM), as well as activities of moderate or vigorous intensity. 20, 25 The 3DPAR asks about use of EM in a manner similar to other instruments designed to measure sedentary activities. 26, 27 The total number of 30-minute time blocks for which girls reported TV/video watching, electronic games, and Internet use on the 3DPAR was used as an index of EM exposure. Data were reduced to the number of blocks per day in which the subjects reported EM as their main activity. The recommendations of the Committee on Public Education of the American Academy of Pediatrics 28 and Objective 22-11 of Healthy People 2010 29 regarding the use of EM informed our selection of a threshold to define high exposure to EM. For the cross-sectional analyses, girls in each grade were classified in 1 of 2 exposure groups. Girls in the low electronic media (Low EM) exposure group were those who reported an average of fewer than 4 blocks of EM per day. Girls in the high electronic media (Hi EM) exposure group reported an average of 4 or more blocks of EM per day, at each of the 3 grade levels. In addition, we evaluated multiple categories (≤2, 2 to 3, ≥4 blocks per day) of exposure to EM to try to identify dose-response associations that could have public health implications in terms of EM exposure recommendations.
For the longitudinal analyses, 12th-grade outcomes (PA, CRF) were predicted based on the EM group clasexposure, if they are found to be detrimental to such outcomes in adolescent girls. Such information would be of considerable public health relevance because PA and CRF levels decline sharply during adolescence, 5 especially among girls, track from childhood into adulthood, 8 and constitute independent predictors of cardio-metabolic disease risk. 7 In addition, the ubiquitous access and exposure that adolescents have to a variety of forms of EM entertainment, not just television, makes it important to study the effects of EM using comprehensive EM indexes. Accordingly, the purpose of this study was to examine, using both crosssectional and longitudinal analyses, the relationship between elevated exposure to EM (including TV/video watching, electronic games, and Internet use) and compliance with PA standards and CRF levels in African American and white adolescent girls followed over a 4-year period.
Methods

Participants and Data Collection
This investigation followed a cohort of girls prospectively from 8th through 12th grade, as part of a schoolbased PA intervention study known as LEAP (Lifestyle Education for Activity Program). 19 Two successive grade cohorts of girls were measured. Baseline data were collected when the girls were in 8th grade, and follow-up data were collected when they were in 9th and 12th grades. Trained data collectors used standardized protocols and scripts when administering the measures to participants in groups of 20 to 30 girls. The procedures were approved by the University of South Carolina Institutional Review Board. Each participant and her parent or guardian provided written informed consent.
Overall, 2744 girls (average age of 13.6 [0.6] years; 48.7% African American) completed the measurement protocol in 8th grade and were invited to complete the protocol again in 9th and 12th grades. For the purposes of the current investigation, complete data were available for 2101 girls in 8th grade, 1685 girls in 9th grade, and 1424 girls in 12th grade for the cross-sectional analyses. Longitudinal cohort analyses were based on the 437 girls (15.9% of the initial sample) who had complete data on EM exposure, PA, and CRF at the 8th-, 9th-, and 12th-grade time points. This sample had the same age at baseline (average age 13.6 [0.6] years) as the larger study sample. In addition, CRF, vigorous PA, and moderate-to-vigorous PA did not differ between the 2 samples at baseline. A higher percentage of girls included in the longitudinal cohort analysis were African American (58%).
Measurement of Physical Activity
PA was assessed using the 3-Day Physical Activity Recall (3DPAR). A complete description of the 3DPAR
Cross-Sectional Associations Between Electronic Media Exposure and ActivityRelated Outcomes
At the 8th-, 9th-, and 12th-grade assessments, white and African American girls in the Hi EM exposure group had lower compliance with the VPA and MVPA standards compared with girls in the Low EM exposure group (P ≤ .016). Regardless of EM group classification, the proportion of girls in the 8th, 9th, and 12th grade meeting the VPA and MVPA standards was lower among African American than white girls (P ≤ .004; Table 2 ).
At 8th grade, white girls in the Hi EM exposure group had lower CRF (kgm · min −1 · kg −1 ) than white girls in the Low EM exposure group (EM  Race interaction P = .07). At 9th and 12th grades, white and African American girls in the Hi EM exposure group had lower CRF than girls in the Low EM exposure group (P ≤ .023). Regardless of EM group classification, African American girls had lower CRF than white girls in the 9th and 12th grades (P < .001; Table 2 ). sification at the 8th-or 9th-grade assessment, 8th-grade data were used for the 8th-to 12th-grade analysis, and 9th-grade data for the 9th-to 12th-grade analysis. We also defined the EM groups based on the consistency of exposure over 2 years (combined 8th and 9th grade). Accordingly, the Combined Low EM exposure group included girls who reported fewer than 4 blocks of EM per day at either 8th or 9th grade or both. The Combined Hi EM exposure group included girls who reported an average of 4 or more blocks of EM per day at both the 8th-and 9th-grade assessments.
Cardiorespiratory Fitness Measure
A modified version of the Physical Work Capacity 170 test was used to obtain an estimate of CRF. 30 The test involves performing graded, submaximal exercise on a cycle ergometer for three, 2-minute stages. Heart rate (HR) was recorded as the subject performed 3 submaximal power outputs that approximated 120, 150, and 180 beats/min. The goal of the protocol was to elicit a HR of at least 160 beats/min by the end of the third stage; otherwise, subjects completed a fourth stage. CRF was estimated as the power output corresponding to a heart rate of 170 beats/min using a linear regression of HR versus power output computed for each participant and expressed as kgm · min −1 · kg −1 body weight.
Statistical Analysis
Descriptive statistics were calculated for selected variables by EM group classification. Analysis of the crosssectional association between EM exposure and percent meeting PA standards (logistic regression) and CRF (2-way ANOVAs) was performed using mixed models. Each model included race, EM group, and the interaction between race and EM group and controlled for the effects of the LEAP intervention (control/intervention status), age, and body mass index (BMI). School was treated as a random variable. For the longitudinal analyses, mixed models were used to predict 12th-grade outcomes based on either 8th, 9th, or combined 8th and 9th EM exposure data while adjusting for socioeconomic status (only available at 12th grade), age, and BMI. The impact of EM exposure and race on PA and CRF was assessed using a significance level (P value) ≤.05 for main effects and ≤.10 for interactions. Data analysis was conducted using SAS version 8.2. 31
Results
Few girls (n = 20) from race/ethnic groups other than African American or white participated in the study; therefore, we report only the results for these 2 race groups. The effect of the LEAP intervention (control/ intervention status) was tested in all analyses and was never significant (P > .05). Table 1 shows the demographic and anthropometric characteristics and the EM and PA levels of the study sample by assessment year. can girls (race effect P = .023). White girls in the Hi EM group at 9th grade had lower CRF at 12th grade than girls in the Low EM group at 9th grade (EM  Race interaction P = .015). In addition, girls reporting Hi EM at both 8th and 9th grades combined showed lower CRF at 12th grade than girls who reported less exposure to EM in those grades (P = .023), and this difference was greater for white than for African American girls (race effect P = .04; Table 3 ).
Discussion
This investigation assessed the cross-sectional and longitudinal associations between exposure to electronic media and the physical activity and cardiorespiratory fitness levels of a biracial cohort of 13-to 18-year-old girls. The study found an inverse relationship between exposure to EM and compliance with current PA standards, as well as with the CRF levels of African American and white adolescent girls. This relationship was detected in both cross-sectional and longitudinal analyses and suggested a possible threshold effect at an EM exposure level of 4 or more 30-minute blocks per day. These findings contribute to the scientific basis for current public health 29 and clinical recommendations 28 to limit adolescents' exposure not only to television but also to videogames and Internet use to a combined maximum of 2 hours per day. The findings of this study suggest that the significance of these public health recommendations goes beyond body composition and extends to important health-related outcomes such as compliance with PA recommendations and CRF. These findings Furthermore, the evaluation of multiple categories of exposure to EM showed an inverse association between EM (categorized into 3 exposure groups) and all the activity-related outcomes (MVPA, VPA, fitness). However, when comparing estimates for the 3 EM groups, the first 2 (≤2 and 2 to 3 blocks per day) did not differ but the last group (≥4 blocks per day) was consistently different from the first 2 EM groups, indicating a possible threshold effect at that level of EM exposure. For example, the proportions of 8th graders meeting the MVPA standard by the 3 EM exposure groups were 69%, 69%, and 57% for African American girls and 87%, 84%, and 68% for white girls. Furthermore, BMI (P = .80), age (P = .62), and the interaction between race and EM (P = .36) were not significant.
Longitudinal Associations Between Electronic Media Exposure and ActivityRelated Outcomes
Girls classified in the Hi EM exposure group at both 8th and 9th grades combined had lower compliance with the VPA standard at 12th grade than girls who reported less exposure to EM in those grades (P = .027; Table 3 ). Among white girls, a report of Hi EM at either 8th or 9th grade or at both 8th and 9th grades combined predicted lower compliance with the MVPA standard at 12th grade (all EM  Race interaction P ≤ .07; Table  3 ).
CRF at 12th grade was lower for girls in the Hi EM versus Low EM groups at 8th grade (P = .045), and this difference was greater for white than for African Ameri- per day. 26 If combined, these estimates indicate that the average adolescent girl is engaging in approximately 157 minutes of EM per day, thus exceeding current public health recommendations. These results have substantial implications for public health. First, they confirm that to reduce the risk of low PA, contemporary adolescent girls' daily exposure to EM should be limited to a maximum of 2 hours of combined TV, videogames, and computer use. They also suggest that a persistent high level of exposure to EM during early adolescence constitutes a powerful and independent risk factor for future PA participation among adolescent girls. Therefore, adolescent girls' EM exposure levels should be monitored regularly and adjusted to reduce the risk of low PA during this critical developmental period. Girls reporting elevated exposure to EM exhibited significantly lower CRF levels in both cross-sectional and longitudinal analyses than did girls reporting less exposure to EM. Previous studies have detected an inverse cross-sectional association between TV watching and CRF in youth. 2, 8, 34 Furthermore, results from longitudinal birth cohort analyses showed that exposure to TV watching during childhood and adolescence predicted poor CRF levels in early adulthood. 35 However, others have reported that leisure-time Internet use was not correlated with CRF among African American also are important given the decline in PA and CRF that girls experience during adolescence, 5, 8, 19 placing them at increased risk for the development of early cardiometabolic disease. 7, 23 In the current study, we found consistent inverse associations between EM exposure and compliance with VPA and MVPA standards among 8th-, 9th-, and 12th-grade girls. In addition, elevated exposure to EM at both 8th and 9th grades predicted lower compliance with the VPA standard at 12th grade, and in white girls, elevated exposure to EM at either 8th or 9th grade or at both grades combined predicted lower compliance with the MVPA standard at 12th grade. Most previous investigations, including a meta-analysis on the topic, have reported an inverse association between TV exposure and PA outcomes among adolescents. 1, 2, 10, 12, 32 Nevertheless, a study in a cohort of Canadian youth from the early 1980s 8 and one in prepubertal German youth 33 did not detect a significant association, probably because their overall TV exposure levels were low. However, current generations of adolescents engage in a high level of sedentary time, if the combined exposure to TV and other common forms of EM such as videogames and computer/Internet use are considered. For example, in a systematic review of 90 studies, girls age 13 to 18 years engaged in, on average, 106 minutes of TV watching, 21 minutes of videogames, and 30 minutes of computer use ering racial and cultural factors when exploring the effects of and intervening on EM use. These results contribute importantly to the basis for current public health recommendations to limit adolescent girls' daily exposure to not only TV watching but other forms of EM, including electronic games and Internet use, to a combined maximum of 2 hours. adolescent girls, 36 probably because the amount of EM captured by such activity is limited. To our knowledge, our study is the first to investigate the effects of combined exposure to a variety of EM forms and CRF in adolescent girls. The results of the current study are similar to those from previous longitudinal investigations, suggesting an inverse, graded association between EM exposure and future CRF levels. Because a high proportion of girls in the Hi EM group also failed to meet the MVPA standard, the evidence suggests that a possible interaction between this level of EM exposure and insufficient PA promotes a steeper decline in CRF over time. The results of the current investigation extend the validity of current public health recommendations to limit EM exposure to an important health-related outcome, CRF, a powerful and independent correlate of cardiovascular 37 and metabolic 38, 39 disease risk among adolescents. Low CRF is emerging as an important public health problem among adolescents, 40, 41 and the results of this study indicate that, among girls, the prospective risk of falling into low-fitness categories 40 increases if EM exposure exceeds recommended levels. Strengths of this investigation include the prospective study of a diverse sample of adolescent girls and the use of instruments with proven validity and reliability to measure the outcomes of interest. The study used an index of EM exposure that incorporated a variety of sedentary activities, including TV/video watching, videogame playing, and Internet use, which might provide a better representation of the sedentary behaviors of current generations of adolescent girls than TV watching alone. In addition, the approach we used to categorize the EM exposure enabled us to define very distinct groups in terms of EM "dose" for both the crosssectional and longitudinal analyses and allowed us to test the validity of current EM-use recommendations in relation to important health-related outcomes, such as PA and CRF. A limitation of the current study is the possibility of misclassification of PA and EM exposure owing to the self-report nature of the data. In addition, although the sample of girls that completed the measurement protocol at all 3 time points was very comparable to the larger LEAP study sample, we acknowledge that the possibility of selection bias cannot be ruled out completely.
In conclusion, the results of this study indicate that elevated exposure to EM is negatively associated, in a cross-sectional and longitudinal fashion, with compliance with physical activity standards and with the cardiorespiratory fitness levels of adolescent girls. These finding are noteworthy because low PA and CRF levels are strong and independent predictors of cardiometabolic health even during adolescence. 7, 38, 39, 41 Race acted as an effect modifier of some of the relationships we observed between EM exposure and PA and CRF. The deleterious effects of high EM exposure appeared to be more prominent among white girls, but the prevalence of high EM exposure was higher among African American girls, underscoring the importance of consid-
